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Abstract

The discrete R-parity symmetry in SUSY models makes the lightest supersymmetric parti-
cle (LSP) stable. It therefore escapes detection and gives the ‘traditional’ SUSY signature
of missing transverse energy. There is, however, no fundamental symmetry to protect R-
parity and it may, therefore, be violated naturally. If R-parity is violated, the LSP decays
and the missing transverse energy signal decreases significantly or disappears. The final
state signatures for SUSY change drastically in such scenario. This note investigates the
experimental consequences of baryonic R-parity violation that lead to the decay of the
LSP into three jets. We examine the phenomenology defined by the minimal supergrav-
ity (SUGRA) model, with the values of the fundamental parameters: mg = 100 GeV,
my /2 = 300 GeV, Ag =0 GeV, > 0 and tanf3 = 2.1 (this is the so-called Point 5). The
possibility to observe SUSY and reconstruct the LSP and other SUSY particles is demon-
strated. It is shown that for this model several precise measurements can be performed
that greatly constrain the fundamental parameters of the SUSY model. Potential SUSY
discovery and reconstruction of the LSP are also discussed for a few other SUSY models
(Points 1,2,3 and 4).
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1 Introduction

In the most favoured scenarios for supersymmetry (SUSY) the lightest SUSY particle
(LSP) is stable, due to the conservation of a discrete quantum number called R-parity [1].
R-parity is, however, not protected by gauge invariance or any other fundamental sym-
metry and may, therefore, be naturally violated. The phenomenological success of SUSY,
and main the reason for introducing SUSY, i.e. the cancellation of quadratic divergences
of the Higgs mass perturbative corrections, still holds even if R-parity is violated. If R-
parity is violated the LSP may decay and the experimental signatures differ drastically
from those previously studied in ATLAS [2].

The potential of ATLAS to measure SUSY particles is described in a serie of ATLAS
notes [3, 4, 5, 6] and in [7, 8]. All of these studies were based on 5 points in the param-
eter space of the minimal supergravity inspired supersymmetric model (SUGRA) and all
assumed that R-parity is conserved. Each point can be described by 5 parameters, as
shown in table 1. In this note, we aim to follow on naturally from the results presented

Point my mi Ay tan 3 | sgn Tsusy
(GeV) | (GeV) | (GeV) (pb)

1 400 400 0 2.0 + 3.4

2 400 400 0 10.0 + 3.3

3 200 100 0 2.0 — 1365.0

4 800 200 0 10.0 + 27.1

5 100 300 300 2.1 + 19.2

Table 1: The parameters describing the five SUGRA points and the SUSY cross-section
at each point, derived from ISAJET (version 7.22) [9].

at the LHCC workshop [10] and investigate the phenomenology if R-parity is violated
(R) and experimental consequences for precision SUSY measurements with R interactions
included in the SUGRA model.

In SUGRA models the lightest neutralino, x?, is LSP. It does not decay due to the
conservation of R-parity (R), which follows from the conservation of lepton-number (L)
and baryon-number (B). The quantum number R can be defined as :

R — (_1)SB+L+ZS, (1)

where B represents baryon number, L represents lepton number and S is spin. Under
this definition, R is 41 for ordinary particles and -1 for SUSY particles. The LSP is
therefore stable and needs to be neutral due to cosmological considerations. To conserve
R-parity, SUSY particles are always pair-produced, so every SUSY event will contain two
xY's in the final state, that cannot be directly detected. This gives rise to the classic
transverse missing energy signature of supersymmetry. In this note R-parity is assumed
to be explicitly broken, so the X} decays into three jets. Baer et al. [11] have reported on
the general implications of the reach of SUSY searches at the LHC for a SUGRA model
that includes R interactions, using the standard cuts for SUSY searches with R-parity



conserved. Here we will try out techniques to measure masses of SUSY particles. These
measurements can then be used to constrain the global parameters of the SUGRA model.

This note is organized as follows: Section 2 details the implementation of R decays.
Sections 3 and 4 describe the event generators, detector simulation used in this study.
Section 5 discuss the characteristics of Point 5, including masses and branching ratios,
and the experimental consequences of R-parity. Secition 6 presents inclusive signatures of
R SUSY and possible initial discovery by suppressing standard model (SM) backgrounds.
Exclusive reconstruction using only leptons is demonstrated in section 7. The recon-
struction of the x? is investigated in section 8. Section 9 presents techniques for direct
reconstruction of several other SUSY particles. The reconstruction of the x? for a few
other SUGRA models (Point 1, 2, 3 and 4) is discussed in section 10. The measure-
ments are summarised and their constraints on the SUGRA parameters are evaluated in
section 11. Finally conclusions are drawn in section 12.

2 R-parity Violating Interactions

R-parity follows from lepton (L) and baryon (B) quantum number conservation. By
definition, each R coupling will also violate either L or B quantum numbers. Conservation
of R-parity is elegant since there is no problem with rapid proton decays and the ! is
an ideal candidate for cold dark matter [12]. The R interactions are however allowed by
gauge invariance. Since there is no symmetry that protects R-parity these interactions
may occur naturally. In models with a minimal field content, the pertinent R part of the
superpotential is :

L=e+v,—é B=i+d—d
—_— A"
Wr = A Li Lj B ++ A Li Qs Dic + Ay, U Dy Dy, (2)
Lk L=u+d—8

where : E, Q, E, U and D are superfields representing lepton and quark doublets; charged
lepton, up and down quark singlets. The indices, i, j and k, represent generations. The A
(\") is antisymmetric under the interchange of the first (last) two indices. The R interac-
tions add 45 free parameters to the minimal supersymmetric standard model (MSSM) and
SUGRA. Equation 2 shows that the first and second terms lead to L violating interactions
and examples are given. The final term in equation 2 gives rise to B violating interac-
tions. The different decays of the {? due to these interactions are sketched in figure 1. To
avoid the tree-level diagrams that allow the proton to decay faster than the experimental
bounds [13, 14], it is usually assumed that either the L-violating (A or \') terms or the
B-violating ()\") term exist, but not both at once. The limits on L-violating couplings are
generally stricter than the limits of the B-violating couplings. A summary of the present
experimental limits for the R couplings are found in reference [14].

In this note we assume an explicit breaking of R-parity due to only one non-zero
coupling where the only effect is that the ¥ decays promptly [15]. Production of SUSY
particles and other SUSY decays are not affected. The experimental scenarios at the LHC
with spontaneous R-parity breaking are discussed in [16]. For those models discussed the
dominating effect is also the decay of the ¥?.
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Figure 1: Decays of ¥ due to R-parity violating interactions. Upper left diagram: L-
violating interaction from the term L; L; Ey; upper right diagram: L-violating interaction
from the term L; Q; Dy; and lower diagram: B-violating interaction from the term U; Dj D.

It should be noted that the ¥? may have a lifetime which could alter the phenomenol-
ogy. From cosmological observations, bounds on allowed life times may be extracted that
either give the LSP a lifetime much longer than the Universe or less than 1 s [14, 17, 18].
These limits are, however, model dependent. For the former range, the ¥} will always
decay outside the detector and the collider signal will be the same as in the R-parity
conserved scenario. For the latter range, a fraction of the X particles decay inside the
detector and may produce displaced vertices, which should give a peculiar and distinct
signature. It should be noted that if R-parity is violated there are several candidates for
the LSP and need not be the X9, since it could be both charged or even a coloured particle.
Other phenomenologies are thus possible but the chosen scenario will give an indication
of ATLAS capabilities to measure multiple jet signatures.

In the favourable case where L-violating interactions yield X} — 66y, each SUSY
event will contain at least four charged leptons and can easily be separated from SM
backgrounds [19]. However, one needs, to evaluate the precision of the measurements
of SUSY particle masses and branching ratios that can be performed. If the second L-



violating coupling A’ is non-zero, the {¢ may decay by either ¥¥ — qqf or ¥? — qqv. The
former decay with a single lepton gives a clear signal above SM backgrounds. However,
if the X} decays to a neutrino and two jets the visible final state is hadronic and, as the
pr from the v is much softer than from an escaping %?, the signal suffers from large SM
backgrounds at the same time as the x% cannot be fully reconstructed. This scenario
deserves a special study. The last B-violating term yields a decay X — qiqjqx. This is
also considered to be a difficult experimental scenario since the ) decays into three jets
with a potentially large QCD background. The flavours of jets which the X¥ can decay
into, depending on which A" coupling is non-zero, is listed in table 2. Given the large

X3 — X3 — X1 —
M |uds [ A, || cds [ A5 | tds
Az |udb || Ay [cdb | Ay | tdb
Mgz | Usb || Aygs | CSb | Agpg | tsh

Table 2: The different decay modes of the ¥? for different A" couplings.

number of possible couplings in, the only source of R interactions is assumed to come
from a non-zero )\'2'12 coupling in the superpotential. The x? therefore decays:

) — cds or €ds, (3)

with a branching ratio of 50% for each mode. This is chosen as the relevant coupling
since it has no significant experimental bound [13, 14]. This all-hadronic ¥ decay was
simulated within the SUGRA model. The presence of c-jets gives a very challenging
experimental scenario due to the 10% probability of mis-tagging them as b-jets. Therefore
key signatures, such as h® — bb, may be more difficult to extract in this case.

3 Event Generation and Detector Simulation

3.1 Overview

SUSY processes were generated with the ISAJET (version 7.31) [9] Monte Carlo package.
The decay of the ¥? was simply introduced using the FORCE datacard. Standard Model
background processes (tt, W+jets, Z+jets) were generated with the PYTHIA (version 5.710)
Monte Carlo package [20], where JETSET (version 7.405) was used for the hadronization
processes. QCD background was generated with HERWIG (version 5.9) [21].

The detector response was simulated using the ATLFAST (version 1.21) package [22]. This
allows events to be analysed using a fraction of the computing overhead needed for a
full simulation. Jet reconstruction in the calorimeters, momentum and energy smearing
for leptons and photons and missing transverse energy are all simulated and agree well
with results from full simulations [23]. It should be noted that ATLFAST is designed to
be interfaced to PYTHIA and a well-tested private interface to ISAJET was used. Also,
ATLFAST needed several fixes to give stable performance with the higher jet multiplicities
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intrinsic to hadronic decay modes of the ¥° P. Full details about ATLFAST can be found
in the reference [22], only a brief overview of features related to the analysis presented in
this note are described below.

3.2 Isolated Leptons

The lepton must fall within the detector acceptance, |7.,| < 2.5, and the minimum
electron and muon transverse energy used in this analysys is 10 GeV. Leptons are iso-
lated if they are separated by AR>0.4 from other clusters and have an accompany-
ing transverse energy of less than 10 GeV in a ‘cone’ of AR=0.2 around the lepton

(AR = /(An)* + (A9)?).

3.3 Jet Reconstruction

SUSY decays give high jet multiplicity. The reconstruction of final states that include
many jets is extremely difficult and is an area that will require much attention to study
and master when real data become available. The hadronic decays of the ¥? produce an
even more difficult experimental situation than any scenario previously considered.

In this study the reconstruction of jets was tried with two different jet finders: the
standard ‘cone’ algorithm, which is implemented in ATLFAST®, and a new algorithm called
‘mulguisin’ [24]¢ developed by I. Parkic.

3.3.1 Cone Cluster Algorithm

The ‘cone’ algorithm reconstructs jets by forming a cone, of fixed size, around an initiator
cell containing the maximum energy. The procedure for finding jets is as follows. Cells
with transverse energy greater than a threshold (Ei*** >1.5 GeV), in order of decreasing
Er, are taken as possible initiators of clusters and cells within AR are included in the clus-
ter. Clusters are formed until there are no initiator cells left. If two jets are overlapping,
the energy in shared cells is divided between the two clusters weighted by the jet-energy.
After this sharing the jet directions are not recomputed in the analysis presented here.

3.3.2 Mulguisin Cluster Algorithm

The ‘mulguisin’ algorithm [24] has a flexible cone size with a minimum size here called
resolution (Rp). For this analysis Rg=0.25 is used. Reconstruction of jets is an iterative
procedure:

1. Find the maximum Ez cell and define it as the first cluster. Set initial cluster size
to R().

2. Find the next cell in order of decreasing Er.

PMany of these fixes have been included in later releases of ATLFAST.
°Implemented in subroutine MAKCLU
dThe name originates from an old Korean tale about ghosts living in a sea. (mul=water, guisin=ghost)



3. Calculate the distance between the cell and the nearest cluster
a. If the distance is smaller than the cluster size, i.e. inside the cluster region,
attach the cell to this cluster. Recompute the cluster center weighted by the cells
now included in the cluster and the cluster size.
b. If the distance is greater than the cluster size, i.e. outside the cluster region,
define a new cluster with initial size Ry.

4. Go to step 2 until there are no cells left
Step 3a can be summarised:
Eclus o Eclus 4 Ecell
Tk+1 = By Ti
s = (e + Bgtlnee) /(B + Bt
Bt = (B ogs + Bl /(B + Bl

clus __ clus
Rii1 = maz(R™, 6)

(4)

where ¢§ is the distance from the cluster center to the cell furthest away in the cluster.
This procedure is similar to the ‘cone’ algorithm, but cells are added one by one to the
cluster. Each cell of the calorimeter is assigned to some cluster. The shape of the clusters
are not necessarily circles. In the present implementation no cells are shared by clusters.
Jets can be closer and still be resolved since the initial cone used is smaller than in the
‘cone’ algorithm.

3.3.3 Definition of Jets, Flavour Tagging and Recalibration

In both clustering algorithms, cells assigned to the electromagnetic clusters that recon-
struct isolated leptons (and photons) are not re-used. In the present analysis the cluster
energy must exceed at least 17.5 GeV to be accepted as a jet. This threshold has been
varied between 15-25 GeV to verify the dependence of the results on the threshold.

A jet is marked as originating from a bottom(charmed) hadron if the momentum
vector of a primary b(c) quark of transverse momenta (after final state radiation (FSR))
is greater than 5 GeV, and has |n| < 2.5, and points to the jet within AR< 0.2. An
additional random tagging is applied to simulate the expected ATLAS tagging efficiencies.

A jet may have a transverse spread larger than the cone used for the reconstruction
so that energy is lost outside the cone or neutrinos produced in the shower escape with
a fraction of the actual jet energy. The latter is mainly important for heavy flavour
quarks. Therefore the jet energies need to be recalibrated to yield a value of the initial
parton energy . The pr dependent calibration factors can be applied as shown in [22].
Reference [24] shows that the ‘mulguisin’ calibration factors are smaller and less dependent
on the pr, but one should note that it will be much harder to understand the calibration
procedure due to the varying cone size. However, recalibration of single jets event by event
will significantly drop the reconstruction efficiency when jets overlap, since reconstructed
jets may have contributions from several real jets. Invariant masses are therefore formed
from jets that are not recalibrated and are thus slightly off from their nominal values.
The determination of their absolute position with real data will rely on comparison with
Monte Carlo samples.



3.4 Supplementary Jet and Lepton Selection Criteria

The jets reconstructed are grouped into three classes : b jets, ¢ jets and light (u,d,s or
gluon) jets. The tagging procedure is detailed in the previous section. For the analysis in
this work the following criteria were used to emulate the ATLAS tagging efficiencies for
b jets and rejection of other jets.

e Probability to identify a b jet as a b jet is 60 %.
e Rejection against c-jets is a factor of 10.

e Rejection against other jets is a factor of 100.

e Probability to identify a 7 lepton is 30 %.

The first three criteria were taken from [25] and the final criterion was taken from [26]°.
The reconstruction efficiency for leptons was defined as 90 % for both isolated muons
and electrons. Finally, to ensure a good quality sample, light jets and b jets (leptons)
were required to have transverse momenta exceeding at least 17.5 GeV (10 GeV). The jet
threshold was, however, varied between 15-25 GeV to check its influence on the recon-
struction efficiency.

3.5 Example Event

The cells of the central calorimeter for a typical R SUSY event with reconstructed jets are
plotted in figure 2, where the ‘cone’ jet finder is used, and in figure 3, where “mulguisin”
is used. The circles indicate reconstructed jets and isolated leptons (bold circles). The
circles show which cells are included in each jet. Note, that for ‘mulguisin’ the circles are
a bit misleading since the radius of the circle is the distance to the furthest cell from the
barycenter included in the jet but not all cells in this cone are included. The numbers
in the circles are the reconstructed transverse jet momenta. The larger digits are for jets
that are used in the X! reconstruction (discussed in section 8.2). Note that the ‘mulguisin’
has a flexible cone size and jets that are close together can in principle be better resolved
.A n— ¢ lego plot with the energy in each cell of the calorimeter is shown in figure 4. From
visual inspection one can identify the jets that are close together. The jets are narrow
since there is no transverse shower spreading, which is one of the inherent weaknesses of
particle level simulation. The reconstruction efficiencies and resulting jet multiplicities
for the two jet finders are further discussed in section 5.1.

®The process A° — 77~ was investigated. We assume the same 7 mis-identification.
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Figure 2: A calorimeter map in n — ¢, where the size of the boxes are proportional
to the energy in the cell. Circles are jets reconstructed with the ‘cone’ algorithm and
isolated leptons. The numbers in the circles are the reconstructed transverse jet momenta
in GeV. The larger digits are for jets that are used in the ¥? reconstruction (discussed
in section 8.2). Note that the forward calorimeters, || >3.2, are not included. The
calorimeter cells in the dashed square are shown zoomed in figure 4.
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Figure 3: Same calorimeter map in n — ¢ as in figure 2. Circles are jets reconstructed
with the ‘mulguisin’ algorithm and isolated leptons.
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in figure 2 and 3, which have many close jets.



4 Experimental Sensitivity

The sensitivity of the exclusive reconstructions was estimated in the following way. The
parameters of the model were frozen and all masses kept at their nominal values except
for one SUSY particle mass, which was varied. Then the statistical sensitivity of the kine-
matic distribution under study was estimated using a Kolmogorov test [27]. The quoted
uncertainties are 1 o experimental errors. The systematic uncertainties were estimated
from the following assumptions:

e the absolute energy scale will be known at least to 0.1% for electrons and muons,
and to better than 1.0% for hadronic jets [28].

e the systematic uncertainty on cross-section measurements was taken to be 15% [3]
(e.g. in the case of the semi-inclusive measurements of the rate of four jets in
section 6.3).

The final errors quoted are therefore estimates of ATLAS experimental capabilities to
measure SUSY particles. The interpretation of the results will however rely on comparison
with a Monte Carlo model.

5 Characteristics of Point 5

The phenomenology of Point 5 offers a wide variety of signals and was therefore chosen
as a testbench for the R-parity violating analysis. The fundamental SUGRA parameters
that define the model are given in table 1. A selection of sparticle masses are listed in
table 3. For the LHCC study, this point was chosen in a region that is favoured from

| Sparticle | Mass (GeV) | Sparticle | Mass (GeV) |

ar 637 g 767
dr 664 e 233
t; 494 @ 122
to 706 X 232
b1 634 X 526
Do 662 h? 95
ln 157 A° 613
r 239 HO 618

Table 3: Sparticle masses at SUGRA point 5 using ISAJET (version 7.31).

cosmological considerations. To get the correct relic density of neutralino dark matter, x°
annihilations through relatively light virtual sleptons must occur such as not to overclose
the universe [17, 18, 29]. This argument is, of course, not valid if the lightest neutralino
decays.

The mass of the lightest Higgs boson is just within the range for a possible discovery by
LEP 2. The left and right handed squarks of the first two generations are split by 23 GeV.
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The masses of the first and second generation scalar fermions are nearly mass degenerate.
Mixing in the third generation makes the masses of the lighter stop considerably lighter
than all other squarks. Notice that the sleptons have moderate masses and that they are
produced in a large fraction of the X3 decays. The dominant branching ratios relevant to
the studies that can be performed at LHC are given in table 4. The total SUSY production

‘ Decay ‘ Branching Ratio H Decay | Branching Ratio ‘
v — cds 100% iz — X3a 32%
W = xPhn° 64% i, — Xiq 65%
0 — gt 18% ir — ¥ 100%
uo—= YW 88% tt — 0%t 22%
h® — bb 88% tp, — X0t 16%
§  — awq 24% tt — Xt 62%
§ — drq 38% l, — X 94%
§ — bib 15% lp — XN 100%
§ — bgb 10%

g — it 14%

Table 4: Dominant branching ratios at SUGRA Point 5 from ISAJET (version 7.31).

cross-section is approximately 18 pb and in table 5 the cross-sections for different primary
processes are given.

Process ‘ Cross-section (pb) ‘
pp — g8 1.52
pp — gdr 3.69
pp — &dr 4.02
pp — drdr 1.38
PP — didr 2.23
pp — drdr 1.62
pp — 7] 0.43
pp —  tity 0.59
pp — other 2.23

Total 17.78

Table 5: SUSY primary production cross-sections at SUGRA Point 5 calculated with
ISAJET (version 7.31).

5.1 Experimental Consequences of R-parity Violation

The standard SUSY signature of missing transverse energy (Er) vanishes if the ¥? decays.
Figure 5 compares Fr from a SUSY signal sample where R-parity is conserved and the
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Figure 5: Transverse missing energy for R-parity conserved (shaded) and for R-parity
violated at SUGRA Point 5.

baryonic R-parity violated scenario as considered here for Point 5. The R distribution
is, of course, much softer and cannot be used to suppress QCD backgrounds. The jet
multiplicity increases by 4.4 units for R as shown in figure 6 using the mulguisin jet
finder. There are six additional jets from the X} decay, but some jets are too soft to be
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Figure 6: Jet multiplicity for SUGRA Point 5 with and without R-parity conserved as
reconstructed with the mulgusin jet finder.

reconstructed, are lost outside the detector acceptance, or overlap with other jets. The
lepton multiplicity is reduced by 5.6%, because leptons are lost inside the additional jets
from the hadronic ¥} decay. The momentum distributions of the 9 leading jets are plotted
in figure 7. Even if the jet spectrum is hard and one could select events with 8 jets with
pr > 50 GeV one needs to use events with lower pr jets for the reconstruction of 9 and
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Figure 7: Transverse momentum of the 9 leading jets in order of decreasing pz for Point 5,
where the ) decays into 3 jets.

other lighter sparticles, due to the soft spectrum from X} decays (see section 8).

5.2 Event samples

For Point 5, there are 534000 SUSY events expected to be produced after 3 years of
running at low luminosity. Almost all the expected statistics of 500 000 signal events was
generated. To check the sensitivity of the mass measurements, samples with one particle
mass varied at a time were generated. Half of the above statistics were generated for each
of these samples.

Cross-sections for SM background processes are given in table 6. Enough events
were generated to have weights in the range 5-20 for the various SM processes that may
contribute to the background. The number of events in the samples and their weights
are given in table 7. Clearly it is impractical to generate even a fraction of the full QCD
statistics. Therefore, QCD events were generated in ppr-bins of 100 GeV. Cross-section
times cut efficiency for two minimal sets of cuts’ are shown as a function of the py of the
2-2 hard scattering process in figure 8. Only QCD events that come from a hard scatter
interaction produce multiple hard jets that pass the event selection. Below 300 GeV

fFor all exclusive reconstructions stricter, cuts were used.
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| Process | Kinematic Cut | o |
QCD [p-? > 10 GeV| 5 mb

P2 300 GeV | 11 nb
P2 400 GeV | 2.6 nb
tt Py’ 10 GeV | 590 pb

10 GeV | 73 nb
10 GeV | 28 nb

W-tjets | p7°
Z+jets | p3. °

VIVIVIV V

Table 6: Cross-sections of SM background processes. (p3 > - initial momenta of generated

2-2 hard scattering process.)

Process | pr-range (GeV) Generated events | Weight | Generator
QCD py > <300 2-108 - Herwig 5.9
300< px? <400 4.7-108 17 «
400< px? <500 1.5-108 12 «
500<  pa 2 1.8-10° 2-20 «
tt 100<  p7. 2 7-10* ~ 50 Pythia
W-tjets | 100<  p3. 2 1-10° ~ 300 «
Z+jets | 100< pr° 1-10° ~ 120 «

Table 7: Event samples for Standard Model background studies.

the probability for QCD events to pass the selection drops abruptly and therefore it was
concluded it was sufficient to generate large QCD statistics down to a pr of 300 GeV for the
initial hard scattering. The model used for QCD generation is accepted as a good practical
understanding of the topic at present. However, it should be noted that there is a large
theoretical uncertainty in the generation of QCD events with this high jet multiplicity. A
significantly higher rate has been found for full matrix element calculations® compared to
parton shower models [30], but one does not know which one is closest to reality. Once
real data become available one can measure the actual rate of high jet multiplicity QCD
events in a similar way as the properties of 6-jet events have been measured by CDF [31].

6 Inclusive Signatures

6.1 Transverse energy

SUSY production at the LHC is dominated by squarks and gluinos, which decay into hard
jets. In the case of R-parity conservation the Fr from escaping ¥'’s was combined with
the momentum of the four hardest jets to get a quantity that could be used to estimate
the mass scale of new physics [2, 8]. To check if this method can be used also here, but

8The NJETS Monte Carlo [32] can only calculate the rate for 5 or less jets and could not be used.
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Figure 8: The oxcut-efficiencies versus pr for hard scattering QCD processes for two
sets of cuts. Cut A: 8 jets pr >17.5 GeV, Mreen: >1000 GeV, circularity>0.2. (mgeent iS
defined in section 6.1). Cut B: Cut A and at least 1 lepton with pz >10 GeV.

with the vanished F7 replaced with multiple jets from the X% decay, a global variable of
transverse energy is formed as:

MTcent = Z pjjét + Z pl;pton (5)
(Inl < 2) (Inl < 2)

A first selection of events is done using the following cuts:

e at least 8 jets with py > 17.5 GeV
e at least 1 jet with pr > 200 GeV

e circularity > 0.2, thrust < 0.9

For events that pass this selection, mye.,; is calculated. The obtained distribution is
plotted in figure 9. The dominating background comes from QCD and is larger by orders
of magnitude than the signal throughout the whole range. The SM background from
tt, W +jets and Z+jets is small if the cut myeen: > 1000 GeV is applied. It was checked
wheter the jet cuts could be raised to provide an initial discovery by requiring:

e at least 8 jets with py > 50 GeV

The myeen: spectrum obtained is shown in figure 10. Even if the generated QCD statistics
is poor it it is clear that QCD dominates and additional cuts are needed to increase the
signal-to-background ratio. A further requirement ,e.g. the presence of at least 1 lepton
in the event, is therefore necessary to extract an inclusive SUSY signal from the QCD
multi-jet background.

15



1073— QCD
= H tt
- A W+jets
B Y 7+jets
108 )

Cut

o
(&)}
w T \HHH‘

Bl
l

<

SUSY Signal

1
44

\\\\\‘ﬂ\\\\\\\\\ \\\‘
1000 1500 2000 2500 3000

Sum E; Inl < 2 (GeV)

Figure 9: The scalar sum of central jets and isolated leptons for events with at least 8
jets with pr >17.5 GeV for the inclusive SUSY signal in Point 5 and various SM processes.

6.2 Rate of Leptons

An excess of leptons in events with multiple jets is a classic and robust SUSY signature
and thus a natural starting point for the analysis. In general, multiple lepton signals have
the best discovery reach in SUGRA models [33]. A preselection was done applying the
cuts:

e at least 8 jets with py > 25 GeV

e at least 1 jet with pr > 200 GeV and a second jet with pr > 100 GeV
e circularity > 0.2, thrust < 0.9

® Myeen: > 1000 GeV.

The multiplicity of leptons, with pr > 15 GeV, for this event sample is shown in table 8.
By requiring one lepton a signal-to-background of 2.4 is achieved and for two leptons the
ratio is greater than 10. No generated background events with 3 or more leptons passed
the cut, while 939 SUSY events are expected after 3 years of running at low luminosity.

6.3 Rate of b-jets

Another feature of SUSY events in most of the parameter space is an excess of heavy
quark flavours. They may be produced in gg, tt or bb production with subsequent decays
g — tt,bb, t — ;b and t — ¥%. Another source is light Higgs boson decay h® — bb.
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Figure 10: The scalar sum of central jets and isolated leptons for events with at least 8
jets with pi® > 50 GeV.

The expected rates of events containing b-jets with pr >17.5 GeV, using the same
cuts as in section 6.1, with and without the requirement of leptons in the event, are given
in table 9. Only for 4 b-jets is there a small excess if no lepton is required, but the
background estimation is not solid enough to make any firm conclusion at this stage. If
events are selected requiring at least 1 or 2 leptons (e, i), with p% >10 GeV, a clear excess
of SUSY events can be observed with a comfortable signal-to-background.

The b-jet rate when the pr-cut is raised to 50 GeV is listed in table 10. The SUSY

‘PI‘OCGSS| Nng ‘ NZZ2 |N523|N524|N525‘N526‘

SUSY 46097 10363 939 112 2.1 0
QCD 14691 466 < 46 - - -
tt 3800 339 <25 - - -
W +jets 395 <61 - - - -
Z+jets | 114435 | 104 +£34 | < 26 - - -
total SM | 19000 909 <71 0 0 0

| s/B | 24 | 1 |>w3] - [ - | - |

Table 8: Expected multiplicities of leptons (e,u) with pr > 15 GeV for an integrated
luminosity of 3-10% pb~! for the SUSY signal and SM backgrounds. Where no generated
Monte Carlo events pass the selection an upper limit at 90% confidence level is given.
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Multiplicity of b-jets pb. > 17.5 GeV
Process N, >1 N, > 2
Np>2| Ny>4 | Ny>2|Ny>4| Np>2 [N, >4
SUSY 64655 3805 13567 749 2850 138
QCD 1.3-10° | 3068 4173 <46 | 185+ 43 -
tt 14800 | 148 +38 | 1441 < 25 < 25 -
Wjets 868 - 79 4 45 - < 61 -
Z+jets 780 242 < 276 - - -
Total SM | 1.5-10° | 3218 5693 9 < 264 -
| s/B | 04 | 11 | 23 | >50 | >10 | - |

Table 9: Expected rate of events with different b-jet multiplicities (pb. > 17.5 GeV) from
SUSY and SM physics processes for an integrated luminosity of 3-10* pb'. The leptons
(e or u) are required to have pr > 10 GeV. Where no generated Monte Carlo events pass
the selection an upper limit at 90% confidence level is given.

Multiplicity of b-jets pb > 50 GeV
Process N,>1 N, > 2
Np,>2| Ny>4 [N, >2| Ny, >4 | Ny >2 [Ny >4
SUSY 43507 1310 9100 249 1853 44
QCD 8.4-10% | 624 34 2235 <46 |60+ 34 -
tt 12501 | 13537 | 1048 <25 - -
W-jets 473 - - - - -
Z+jets 545 2+2 - - - -
total SM || 9.8-10% | <249 3283 - < 94 -
| s/B || 04 [ >53 [ 27 | - | >25 | - |

Table 10: Expected rate of events with different b-jet multiplicities (ph. > 50 GeV) from
SUSY and SM physics processes for an integrated luminosity of 3-10* pb™'. The leptons
(e or p) are required to have pr > 10 GeV. Where no generated Monte Carlo events pass
the selection an upper limit at 90% confidence level is given.

signal with 4 or more b-jets drops by 65% at the same time as the SM background
decreases by 94%, resulting in a signal-to-background greater than 5. If such an excess
of events with multiple leptons and b-jets was observed one would safely conclude that
there is ‘New Physics’.

We will now continue with the exclusive reconstruction of SUSY events.

7 Edge in the Dilepton Invariant Mass

Final states with multiple hard leptons offer robust and distinctive signatures. It is there-
fore natural to use the observed excess of leptons in events with multiple hard jets for
exclusive reconstruction. Events are selected requiring:
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at least 8 jets with pr > 20 GeV

circularity> 0.2, thrust< 0.9

M7eent > 1000 GeV

2 leptons (e, u1), opposite sign (OS) and same flavour (SF) with pf >10 GeV

The invariant mass of the two OS SF leptons is shown in figure 11. A clear structure
with a sharp edge is visible. The combinatorial background where the leptons come

events/3 GeV

200

Figure 11: Distributions of invariant mass formed by two OS SF leptons in events passing
the selection cuts (see text) for an integrated luminosity of 3-10* pb~'. In cross-hatched
are SM backgrounds and in hatched the distribution from OS OF leptons.

from ‘opposite’ sides can be subtracted using opposite flavour (OF) leptons in the same
type of events. After this subtraction there are 7433 SUSY events in the plot. The SM
backgrounds are shown in cross-hatched and only 385 events are expected. The leptons
may come either from the decay {3 — ¢+~ %? or the decay X3 — #¢, with the subsequent
decays ¢ — XJ¢. The first decay is a three-body decay, which is strongly suppressed if
two-body decays are allowed. Possible two-body decays are X3 — h%%? Y9 — Z%%? or the
already proposed slepton decay. Since the end-point implies a mass difference between
the ¥ and X! greater than the Z° mass, the slepton decay is the most likely candidate. If
it is the slepton decay that gives the signal, the position of the edge is a function of the
masses of the involved particles according to the expression:
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For Point 5 the nominal value of this edge is 109 GeV. As shown in the following sections
the masses of the involved particles can be measured directly with independent methods
and the slepton decay hypothesis can be confirmed. The position of this edge can be
measured as 109 & 0.30(stat.) = 0.11(syst.) GeV.

8 Search for a x! Signal

The most distinctive experimental consequence of R-parity violation is the possibility to
reconstruct the ¥} mass and thereby constrain the kinematics of the complete SUSY event.
For the case of baryonic violating decays of the ¥?, six jets need in principle to be identified,
measured and combined correctly to form two 3-jet invariant mass combinations. The
combinatorial background for taking all jet combinations is considerable, since the number
of combinations for pairs of 3-jet combinations among N jets is:

N
313I(N — 6)! (7)

For events with high jet multiplicities the signal is likely to be drowned in the combinatorial
background. For N=6 there are 20 combinations, so even when using the correct 6 jets, a
‘clever’ selection of combinations would be benificial. By first studying the ¥ decays at
the generator level, an indication of the appropriate selection cuts can be found.

8.1 Decays of )2(1’ at the Generator Level

Since the ¥? comes from decays of heavy particles, the obvious selection criteria are cuts
on the angular separation between jets and a hierarchical selection of the pr of the jets.
These quantities have been checked at the generator level. The transverse momentum
distributions of the two ¥%’s are displayed in figure 12. The harder of the two %¥’s has
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Figure 12: Distribution of the generated transverse momentum for the two Y?’s.

an average pr of 332 GeV and the softer an average pr of 170 GeV. The two ¥’s are
moreover quite well separated in the detector with an average distance between their four-
vectors of AR=1.9. In general, the X? decays into jets which have pr’s that are close to
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the jet acceptance threshold, since it comes last in the SUSY cascade decays of squarks
and gluinos. In particular, jets which originate from the softer xJ decay have small pr
compared to the other jets in the event. The pr of the quarks originating from y? decays
are shown in figure 13. As one can see, the softest quark has an average pr of only

< [ Mean 176.8 — Mean 103.4
5 800 1500 —
\ I —
Py C L
O 600 (— -
= C 1000
C L [
© 400 | — -
- 500
200 T
0 \H‘HH‘HH‘HH\ 0 H\‘HH\ JJ\uL
0 100 200 300 400 500 0 100 200 300 400 500
c = . = R
5 1500 |— Mean 85.32 3000 — Mean 49.23
~N L L
0 L
0 L
51000 2000
c
)
500 1000
0 HH‘HH U‘HH 0 [N HH‘HH‘HH
0 100 200 300 400 500 0 100 200 300 400 500
= - Mean 34.95 [ Mean 21.73
e - L
N
® 3000
0 4000
j-
=
C
o 2000 H
B 2000
1000 |- -
o L ol Ll cobnd b
0

0
100 200 300 400 500 0O 100 200 300 400 500
parton P; (GeV) parton P; (GeV)

Figure 13: Momentum of quarks from %? decays. In the left column the quarks from the
harder of the two X}’s and in the right column from the softer ¥°.

21 GeV. Thus, if both ¥?’s have to be reconstructed, one must include even very soft jets.
Both ¥?’s have a considerable boost so the decay products are close together, as shown in
figure 14. The average minimum distance between the partons from the harder x? decay
is only 0.33. The reconstruction efficiency of the §? signal varies therefore rapidly with
the minimum allowed jet separation and the py threshold for the softest jet. The analysis
presented in this note relies on reconstructing two 3-jet combinations. Both the pr and
the separation of these jets depend on the mass configuration of the sparticles involved in
the production of the x{’s. It is therefore difficult to give quantitative estimates of how
well the reconstruction works for models different from the one considered in this note,
but a brief test and a discussion on the generality of this analysis strategy are included
in section 10.
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Figure 14: Maximum (top) and minimum (bottom) distance between partons from !
decays: the left-hand column correspon to the harder %9 and the right-hand column to
the softer xJ.

8.2 Reconstruction of )2(1’ Decays

Because of the potentially large combinatorial background discussed above the optimal
strategy for reconstructing the y? decays is to use events with the smallest possible jet
multiplicity which, for the selection cuts used in this analysis, is 8 jets. In principle, qrqr
production with the decay chains:

dr — X1q
o (8)
— 737
and
dr — X3¢
|—> o )
L e

L i
results in 8 jets and 2 leptons in the final state. The two hardest jets are likely to come

from the squark decays and the 6 other jets from the two x{’s. Since there are always
two x¥’s in each event, the primary production process selected is not crucial for the x°
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reconstruction. The selection cuts are aimed at limiting the combinatorial background,
not at selecting explicitly Grqr production. Thus, the final event sample may well contain
a large fraction of events from gq and Grq; production. The event selection criteria are:

e 1 or 2 leptons (e, u) with pr > 20 GeV

e if two leptons, require them to be OS, SF and my, < 109 GeV

e at least 8 jets with py > 17.5 GeV

e veto events with jet 9 pie" " > 25 GeV

e two hard jets , ;tfl > 200 GeV, pf‘}fn"*2 > 100 GeV, central |n| < 2 jets
e no b-jet pr > 25 GeV

® Mreen: > 1000 GeV

e circularity > 0.2, thrust <0.9

For events that pass this selection, two 3-jet combinations are formed using at least 6 jets,
excluding the two leading jets. There is an increase in number of events selected from
using additional jets, but this also increases the combinatorial background from other
SUSY processes and therefore events with up to 9 jets and a veto for the 9th jet of 25 GeV
were chosen. We call these combinations j'j?j® and j*j®j® and form the combinations that
pass the following selection:

e pr of i1 > 100 GeV, pr of j2 < 200 GeV, pr of j* < 100 GeV
e AR(j',j*) < 1.0, AR(j*+j%j%) < 1.0

e pr of j* < 200 GeV, pr of j° < 100 GeV

e AR(j%,j®) < 1.5, pr of j% < 50 GeV

e for j% use also jet 9 if pI"™° < 25 GeV

On average there are 4.6 possible 3-jet combinations in each event for these selection cuts.
Combinations are accepted if they fulfill:

[ ] Am]y] = min(|mj1j2js — mJ4J5]6|) < 20 GeV

The resulting m;;; distribution is plotted in figure 15. There is a clear peak centred not
far from the y? mass of 121 GeV. The plot contains 824 SUSY events for an integrated
luminosity of 3 - 10* pb ™!, of which 14% come from §(— Grq)dr, 10% from §(— Grq)dr,
22% from qgrdr, 21% from qrqz, 14% from g(— X)qr, 6% from g(— X)dr production
and 10% from other processes. The distribution is not symmetric, which is partly due
to leptons lost inside jets, in which case the reconstructed mass is the one a a slepton
(with a nominal mass of 157 GeV). This is apparent when the mass of the X! is lowered
so the two peaks are resolved (see figure 21). By comparing the reconstructed 3-jet mo-
mentum with that of the ¥ partons, it was estimated that 25% of the events have two
good reconstructed ¥° and 83% at least one good reconstructed ! (AR (3-jet momenta,
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Figure 15: Distribution of the invariant mass of all 3-jet combinations that pass the
selection cuts described in the text. The peak corresponding to the Y¥? mass is visible.
Shown as cross-hatched is the SM backgrounds.

-parton)<0.3). The distribution of invariant mass for tagged events is shown in fig-
ure 16. This tagging has some uncertainty, but it gives at least a rough estimate of the
reconstruction efficiency. The chosen jet threshold is a trade-off between accepting real
signal and rejecting background from initial state radiation. A more detailed study of jet
thresholds is presented in the next paragraph.

The SM background, shown as cross-hatched in figure 15, corresponds to 411 events, of
which 93% arises from QCD production. The shape of this SM background was modelled
using a QCD sample without any requirement on leptons. For the SM background very
few events give two 3-jet invariant masses with the selection used. A good cut against
QCD background is actually the possibility to form these two 3-jet combinations. The
background from SUSY combinatorics and mismeasurements due to overlapping jets is of
the same magnitude as the SM background. The influence of the jet veto for the rejection
of the QCD background was checked by relaxing the veto threshold for the 9* jet to
30 GeV. With this higher jet veto the QCD background increases by 25%.

The QCD background can be further suppressed by explicitly requiring two leptons
in the event:

e 2 leptons (e,u) with pr > 15 GeV

The resulting 3-jet invariant mass distribution is shown in figure 17. With these cuts 144
events are expected for 3 - 10* pb™!. No generated SM events pass the selection cuts,
corresponding to an upper limit at 90% confidence level of 46 QCD events. The peak
is Gaussian and the shoulder on the tail at high values of mass is less pronounced. The
reconstruction procedure is quite sensitive to the kinematics, since if the x? mass is shifted
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Figure 16: Breakdown of the SUSY signal from figure 15 (normal histogram). The cross-
hatched histogram correspons to events with two tagged (see text) reconstructed X9, the
hatched histogram to events with one tagged reconstructed ¥° (0.5 entry/event), and the
bold histogram is the sum of the latter two.

down by only 7 GeV the peak in the invariant mass distribution severly degraded. This
shows that the jet clustering should be improved and that, to identify 6 jets and obtain a
sufficient number of correct combinations, an event sample with higher statistics is needed.
Therefore the precision of the ¥ mass measurement is evaluated here assuming that the
selection requires only 1 lepton in the final state (see section 8.4).

8.3 Reconstruction of )2(1’ Using Different Jet Finders

In the previous section it has been shown that the jets from the ¥? are rather soft, close
to each other and therefore often overlap. Efficient reconstruction of soft and nearby
jets is therefore essential to get a reasonable efficiency for the X} reconstruction. Two
different jet finders (see section 3.3) have been compared to make sure that the observed
reconstructed peak for the ¥ decay does not have a systematic bias due to the chosen jet
clustering technique.

The ‘mulguisin’ jet finder reconstructs 11.7 jets on average and the ‘cone’ jet finder 11.4
jets for a jet threshold of 17.5 GeV. Figure 18 compares the jet multiplicity distributions
obtained with the two jet finders. The ‘mulguisin’ jet finder is more efficient at separating
jets that are closeby or overlapping. Figure 19 compares the x? signal obtained for the
two different jet finders.

The chosen jet-threshold is a trade-off between accepting real signal and rejecting
background from initial state radiation. The jet threshold was varied between 15 and 25
GeV to check its influence. Figure 20 shows the reconstruction efficiencies as a function
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Figure 17: Distribution of the invariant mass of 3-jet combinations for events requiring
two leptons for a SUSY sample expected for an integrated luminosity of 3 - 10* pb . No
generated SM events passed the cuts, corresponding to an upper limit of 46 QCD events
at a 90% confidence level.
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Figure 18: Jet multiplicity obtained for two jet finders.

of the jet threshold. The signal reconstruction works well with both algorithms and the
analysis strategy and techniques are independent of the details of the jet clustering. The
comparison is not conclusive, although the plots shown here show that the ‘cone’ algorithm
yields more events than ‘mulguisin’ and indicate that the width of the mass distribution is
narrower for ‘mulguisin’ for all jet thresholds used here. There is no peak in the invariant
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Figure 19: The ? reconstructed with the cone and ‘mulguisin’ jet finder.
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Figure 20: The reconstruction efficiency for Y — jjj decays as a function of the jet

threshold for the ‘mulguisin’ and ‘cone’ jet finder.

mass distribution of the 3-jet combinations of the SUSY for a threshold above 20 GeV
for the ‘cone’ algorithm. The ‘mulguisin’ algorithm is less sensitive to the jet threshold
and was therefore chosen for the results presented in this note. It is interesting to note
that if a stricter cut, Am;;; < 10 GeV, is used the reconstruction efficiency is better for
a jet threshold of 17.5 GeV than for 15.0 GeV. The nominal jet threshold used in this
analysis is 17.5 GeV. Reconstruction of jets as soft as this should not be a problem during
low luminosity operation, but, if for any reason the jet threshold needs to be raised, the
quantitative results of this note would be altered accordingly. The loss of signal events
can be judged from figure 20. Clearly, a more detailed study, beyond the scope of this
work, is need to improve the reconstruction efficiency for x? — jjj decays. In particular,
similarly to the approach used for reconstruction of high pr W* — jj decays [34, 35|,
a larger cone can be used to reconstruct the y) decay without explicitly require three
separate jets to be measured.
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8.4 Precision of )2(1’ Mass Measurement.

The uncertainty of the ¥? mass measurement was evaluated by generating three samples
each with a different ¥ mass and with all other masses kept constant at their nominal
values. Of course, the kinematics of the events to some extent on the value of the X?
mass, as shown in table 11. For larger values of the ¥? mass the decay partons carry more

my =100 GeV | mgp =115 GeV | mgy —122 GeV | mgp —140 GeV
<pits 324 330 332 338
<pi?s 168 167 170 179
min(pher) 20.0 20.9 21.7 23.2
min( ARk 0.288 0.315 0.329 0.352

Table 11: The kinematics at the quarklevel for differents masses of the X}, with all other
masses held nominally at Point 5 values.

momentum and, thus, more jets pass the threshold. For lower of the ¥ mass less energy is
released in the ) decay and the transverse separations between the jets from the ¥° decay
is smaller. These two combined effects cause a degradation of the reconstruction efficiency
when the x mass is decreased. The ¥? mass was varied between 115 and 140 GeV whereas
all other masses were kept at their nominal value. The invariant mass distributions for
three values of the x? mass are shown in figure 21. The position of the peak moves as
expected. The ‘extra’ spike around 160 GeV in the top plot is due to unrecognised leptons
inside jets from slepton decays, causing the slepton mass to be reconstructed. The peak
disappears if it is required that the jjj—momentum combined with a lepton should form
a slepton. At least for the event sample containing muons, it should be possible to remove
this spike by not including in the jet reconstructed non-isolated muons, which fall within
the jet cones used for the y? reconstruction. The Gaussian fits are to guide the eye and
not a measurement of the ¥} mass. The width of the invariant mass distributions are
about 22 GeV. The ¥? mass can be measured as 122 + 3.1(stat.) & 1.3(syst.) GeV.

The sample of top quarks in the all-hadronic decay t — Wb with W — jj can be
used as an in situ calibration of the 3-jet reconstruction. The production cross-section for
tt is close to 600 pb (800 pb including next-to-leading order contributions) thus yielding
large samples of about 2.7-10° events/year, with tt — WbWb — jjbjjb, and about 1.7 -
108 events/year, with tt — WbWb — fvbjjb. These event samples will allow a thourough
study of the systematics of 3-jet reconstruction in events with similar kinematics to the
SUSY events. The possibility to reconstruct tt in multi-jet events with ATLAS has been
demonstrated in [36].
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Figure 21: The invariant mass of 3-jet combinations reconstructed for three values of
the X mass: mgo = 115 GeV (top), mge = 122 GeV (middle), mg = 140 GeV (bottom),
for an integrated luminosity of 3 - 10* pb !. The fits are to guide the eyes only, since the
precise measurement of the mass relies on a statistical test where the distributions are
compared to a reference Monte Carlo sample.
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9 Reconstruction of Other SUSY Particles

Once the x)’s have been reconstructed and their mass determined, their momenta can be
combined with leptons and jets further up the decay chain to reconstruct other sparticle
masses. Here it will be demonstrated, without beeing exhaustive, that several sparticles
can be directly reconstructed and measured.

9.1 Direct Reconstruction of the £ and 522 Masses

The distribution of invariant masses of the OS SF lepton pairs (see section 7) indicated
that the observed leptons may come from the decay:

R — IRt
|—> bt (10)
L g
If that is the case the slepton mass would be reconstructed when the momenta of the 3
jets from the Y are combined with one of the leptons. Events were selected with:

e 2 reconstructed Y candidates, < 30 GeV

s — mlit
Jii %0

e 2 OS SF leptons with p% ' > 15 GeV , p5% > 10 GeV and my, < 109 GeV

The constraint of the measured Y2 mass is used to recalibrated 3-jet momenta.

A priori, it is not known which ¥} comes from the slepton side. A large fraction of
the events have a qr that that decays directly to xJq and should therefore give a hard
X). It is, therefore, assumed that the 3-jet combination with, the smallest py comes
from the slepton side. Its 3-momentum is combined with that of one of the leptons and
the invariant mass of the system is calculated. Due to the mass differences of )Z?,ZR,
and %9, the softer of the two leptons should come from the slepton decay. However, the
efficiency lr efficiency is improved by about 10% if, instead, both leptons are tried and the
combination that gives the smaller invariant mass is kept. The resulting invariant mass
distribution, which peaks at the expected {5 mass of 157 GeV is displayed in figure 22.
There are 119 events, including 89 events within m,, 20 GeV, expected for an integrated
luminosity of 3 - 10* pb~*.

The x9 is reconstructed by combining both leptons with the 3-jet momenta of the x?,
after first applying a cut around the (r peak. The invariant mass distribution is shown in
figure 23 and a clear peak is visible at the nominal X3 mass of 233 GeV. The composition
of the sample used for the {5 and X3 reconstruction is 30% qrdr, 26% &dr, 21% dqrdr and
21% from other processes.

The sensitivity of the reconstruction was checked by first varying the ¢z mass by
+10 GeV while keeping all other masses the same. The distributions for two different
slepton masses are shown in figure 24. The reconstructed peaks vary as the mass of
the slepton. The slepton mass can be measured as 157 + 5.1(stat.) 4+ 1.6(syst.) GeV. The
uncertainty of the ¥? mass used for the X9 mass constraint of the 3-jet momenta is included
in the statistical error. The ¥ mass was varied by +£20 GeV and the corresponding mass
distributions are shown in figure 25 for the three choices of the 3 masses. The X3 mass
can be measured as 233 + 4.1(stat.) £ 2.3(syst.) GeV.
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Figure 22: Distribution of the smaller of the invariant masses of the softer X} candidate
combined with one of the two leptons. A clear peak around the {p ({r = €, i) mass of
157 GeV is visible. No SM backgrounds pass the selection cuts.
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Figure 23: Invariant mass distribution of the softer X} candidates combined with two
leptons. A clear peak at the expected X5 mass is visible. No SM backgrounds pass the
selection cuts.
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Figure 24: Distribution of the m;;;, invariant mass for two values of the ZR mass,
m; =147 GeV (top), m; =157 GeV (bottom).
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mye=212 GeV (top), m=232 GeV (middle) and m4=252 GeV (bottom).
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9.2 Reconstruction of Squarks Masses

With both gaugino (%9, %39) and scalar (£z) masses measured, one can now try to recon-
struct heavier particles further up the decay chain. The cuts used for the )Z(I’,Z and 9
reconstruction are loosely aimed at selecting qrqr primary production. One can now try
to combine the harder of the X? candidates with a hard jet with the aim of reconstructing
the decay:

ar — X¢
Ls jjs

(11)

One can also try to reconstruct a distribution sensitive to the {; mass by combining the
softest X} candidate with a hard jet from the decay:

ar — X549
Ny (12)
L e
Due to the low statistics of fully reconstructed x9, it is not possible for an integrated

luminosity of 3 - 10* pb~* to reconstruct the complete §; decay chain above. Events are
selected with the following cuts:

fit
JiJ

< 30 GeV

e 2 reconstructed )2[1) candidates, |m;;; —m

e two hard central jets with || < 2, p%. > 300 GeV and p2 > 100 GeV

The selected events are from the combined production of 11% g(— qrq)dr, 11% g(—
drq)ar, 28% Agrdr, 21% 4rdr, and 29% from other processes. In total, 50% of the events
contain a {g, which comes either from direct production or from a gluino decay. It is
not known a priori which of the hard jets comes from the qg-decay. Therefore, both jets
are first combined with the soft ¥} candidate and the lepton(s). The combination that
gives the smallest mass is retained. The other hard jet is then combined with the hard X?
candidate and the resulting distribution for the invariant mass is shown in figure 26. This
distribution displays a broad peak around 660 GeV, which is in rough agreement with the
qg mass. The mass distribution for events containing a qg from direct production or from
a gluino decay is indicated as a bold histogram. The distribution contains 209 events, of
which 83% are within mg, + 100 GeV, for an integrated luminosity of 3 - 10* pb™*. The
mass distributions obtained with the soft X% is compared to that of figure 26 in figure 27,
where one can see that the edge of the former distribution corresponds to the peak of
the latter. This gives confidence in the procedure since the latter case reconstructs all
decay products and forms the g mass, whereas for the case of the soft ¥? not all decay
products are reconstructed so the distribution is wider and has an edge structure. To
verify that the distribution in figure 26 is actually a measurement of the gz mass and not
a mixture of squarks, the q; mass was decreased by 100 GeV. The resulting distribution
is shown in the middle plot of figure 28 and one can see that the peak stays in the same
position and that the shape of the distribution is only marginally affected. If, instead,
the qr mass is decreased by 100 GeV, the peak is displaced accordingly, as can be seen
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Figure 26: Invariant mass distribution obtained by combining the hard ¥ candidate
with one of the hard jets in the event. A broad but clear peak around the squark mass
of 667 GeV is visible. The bold histogram corresponds to events coontaining a qg. The
cross-hatched histogram represents the residual SM background.

in the bottom plot of figure 28. Even if only 50% of the selected events contain a g, the
peak of figure 28 does provide a measurement of the gz mass, which can be measured
to 664 + 30(stat.) = 7(syst.) GeV. Measurements at high luminosity will be needed to
improve the measurement of the zr mass and possibly to also extract the G; mass using
events containing two leptons and 8 jets.
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Figure 27: Invariant mass distributions of the two ¥% candidates combined with the two
hardest jets (see text).
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Figure 28: The hard X} candidate combined with the hard jet. Top plot: The distribution
for the nominal squark masses. Middle plot: The q; mass is lowered by 100 to 587 GeV.
Bottom plot: The qg mass is lowered by 100 to 564 GeV. The position of the peak shows
that the distribution is sensitive to the Gz mass and is only weakly sensitive to the ¢,
mass.
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9.3 Search for the Light Higgs Boson.

In the SUSY scenario where R-parity was conserved, the reconstruction of the light Higgs
boson through its dominant decay mode h® — bb was straightforward and gave a robust
signal [6, 8]. The SM backgrounds are, in the R-parity conserved scenario, suppressed by a
cut on missing transverse energy, which of course cannot be applied here. The suppression
of SM background when R-parity is violated relies on requiring at least one lepton and/or
the reconstruction of two X% decays. A combined requirement of a lepton and 2 b-jets
would reduce the event sample so much that no measurement of the h® mass would be
possible. Therefore, events are selected with the following cuts:

e at least 8 jets with py > 17.5 GeV

e 1o additional jet with pr 25 GeV (not tagged as b-jet)

two hard central jets with || < 2, pAe" > 200 GeV and pi™® > 100 GeV

2 tagged b-jets with p> >30 GeV

e no additional b-jet with py >25 GeV
® Myeen: > 1000 GeV

For the selected events, the ¥? mass was reconstructed using the same requirements for
forming 3-jet invariant masses as in section 8.2. Events with:

fit
X9

< 30 GeV

e 2 reconstructed ¥ candidates, with ‘mm- —m

e ARPP <2.0

were kept and the invariant mass of the 2 b-jets was calculated.

To check that the h® — bb signal can be actually reconstructed in this case, a per-
fect 100% tagging of b-jets and perfect rejection of other jets is first assumed. The
obtained distribution is shown as an inset in figure 29. A clear peak is seen above the
combinatorial background, which, however, is larger than in the case where R-parity is
conserved [6]. Using the nominal expected b-tagging performance the combinatorial back-
ground increases substantially and together with the QCD background the h® — bb signal
becomes marginal as shown in figure 29. There is a very large uncertainty on the QCD
background in this plot due to the limited residual statistics in the Monte Carlo sample.
The histogram shown originates from only a few events and its shape was invented just
to illustrate the poor signal-to-background ratio. In figure 30, the h® — bb distribution
is plotted as reconstructed with the ‘cone’ jet finder. The SUSY background is also large
due to the misidentification of c-jets originating from the x{ decays. The result is basically
independent of the jet finder and the conclusion is that it will be extremely difficult at
low luminosity to use the h® — bb channel in SUSY events to discover the h® boson and
measure its mass. The h® boson mass would in any case be best measured in the h® — v
channel, which will only be possible at high luminosity. With 10° pb™" of data collected,
it is possible to measure the h® boson mass with a total precision of 0.3 GeV, improving
ultimately to 0.2 GeV for 3 - 10° pb ™' of collected statistics [36].
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Figure 29: Reconstructed bb invariant mass for R SUSY events, selected as described in
the text, using the ‘mulguisin’ jet finder. The SUSY combinatorial background is shown
as hatched histogram and the SM background as cross-hatched. The inset shows the
SUSY signal assuming 100% b-tagging efficiency and perfect rejection of non-b-jets.

The rate of observed b-jets is enhanced by the production of h® bosons in SUSY
cascade decays through the decay h® — bb. Even if the bb-peak could not be used for a
measurement of the mass of the h® boson, the rate of b-jets in SUSY events may indicate
the presence of h® — bb decays. The dominant production of h® is from the decays
X3 — x%h° and this rate depends on the mass of the h® and its couplings, which are
functions of the SUGRA parameters p and tang. In figure 31 the branching fraction for
X3 — ¥ h° is shown as a function of these parameters. It can be seen that for negative p
and tang larger than 4 h° production is strongly suppressed, and that the observed b-jet
rate may be used to constrain the sign of pu.

9.4 Sensitivity to the Gluino Mass

In section 6.3 it was shown that there is a sizeable rate of events with multiple b-jets. It
has already been shown in previous studies that the ratio of events with 2 b-jets to those
with 4 b-jets could be used to estimate the gluino mass [3]. Since it is here difficult to
isolate the h® — bb signal due to the much higher jet multiplicity and the large number of
c-jets the rate of events with 2 b-jet cannot be measured reliably. The events with 4 b-jets,
however, have a very good signal-to-background ratio. The final states with 4 b-jets are
dominated by gg, g4 production, where the gluino decays to heavy flavour squarks:

o (X+)g — t1t — tt%3 — WbWb(h® — bb) ¥ (+X")

e 5§ — tittit — tEtEXIXY - WbWbWbWhi)x?
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Figure 30: Reconstructed bb invariant mass for R SUSY events, selected as described
in the text, using the ‘cone’ jet finder. The SUSY combinatorial background is shown as
hatched histogram and the SM background as cross-hatched. The inset shows the SUSY
signal assuming 100% b-tagging efficiency and perfect rejection of non-b-jets.

* 30, — Ardng — X5X39¢ — qgXIxI(h° — bb)(h® — bb)

with the additional channels where the stop quark is replaced by a sbottom. A lighter
gluino would result in enhanceed production cross-sections for g§ and §q and a heavier
gluino in reduced prodiction cross-sections production. The rate of events with four (and
more) b-jets can be measured in a sample obtained by requiring:

e at least 8 jets with py > 25 GeV

® Myeen: > 1000 GeV

e circularity> 0.2 and thrust< 0.9

e at least 1 lepton (ex) with pr > 10 GeV
e at least 4 b-jets with pr > 50 GeV

No SM background events pass these selection cuts. The production cross-sections for
different SUSY processes are given in table 12 for three different masses of the gluino (the
squark masses were kept at their nominal values). As the mass of the gluino decreases, the
rate of four b-jets increases. As compared to Point 1, with R-parity conserved, the ratio of
events with 2 b-jets to those with 4 b-jets cannot be used and, instead, the measurement
presented here relies on the determination of an absolute rate which will be dominated by
systematic uncertainties. However, the measurement of the rate of events with 4 b-jets
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Figure 31: Branching ratio for the decay 3 — xh® as a function of tang for each sign
of u for fixed values of the other SUGRA parameters.

|mg | 0w | oawaa | Nasgeon) | Nasaz) | Navga) | Nascaa) |
700 | 22.15 pb | 13.33 pb | 443 257 | 124 9
768 | 17.78 pb | 9.28 pb || 256 107 96 0
840 | 14.48 pb | 6.50 pb | 168 81 58 0

Table 12: Expected cross-sections and rates for events with at least four tagged b-jets as
a function of the gluino mass for different SUSY production processes for an integrated
luminosity of 3 - 10% pb~*.

can provide some sensitivity to the gluino mass and serve as a cross-check of the gluino
mass possibly obtained by other measurements, e.g. in the stop sector, or predicted by
fits to a model constrained by other measurements.

10 Reconstruction of x? for Other Models

The reconstruction of the ¥? in Point 5 has been demonstrated in the case of baryonic
R-parity violation. An important question is whether SUSY particles can still be observed
and measured in a large part of the parameter space if R-parity is violated and the x?’s
give hadronic final states. The rejection of SM backgrounds relied on selecting events
with multiple jets and requiring at least one lepton. Fortunately, leptons are frequently
produced in SUSY decays. Figure 32 shows the cross-section times branching ratio for at
least one lepton produced in SUSY decays, mapped over the mg—m; /, plane for tan3 =2.0
and p >0. It appears that the lepton requirement can be generally applied. Another
efficient cut against SM background is the reconstruction of two ¥° candidates. Very few
QCD events pass this cut. However, the direct reconstruction depends on the details of the
kinematics and it is therefore difficult to give a quantitative estimate without doing the
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Figure 32: A contour plot of cross-sectionsxbranching ratio in pb in the my —m; /,-plane
for events with at least 1 lepton produced in SUSY cascade decays for tanG = 2 and pu > 0.
The upper hatched region is excluded by theory. (Parts of this region may, however, be
allowed with R-parity violated, since it is mainly excluded because the X! is not the LSP
which it does not have to be in R models.)

simulation and full analysis, which is beyond the scope of this work. If the ¥? is successfully
reconstructed it is likely that at least a few other sparticles can be measured. The heavy
sparticles are difficult to measure due to the large SUSY combinatorial background. It
is difficult to select pure g event samples, which reduce combinatorics since gz always
decays directly to x? through gz — %%¢. For Point 5 it was, however, demonstrated
that a purity of about 50% could be obtained, so that a measurement of the qr mass
was possible. In this section, the discussion is limited to the reconstruction of the ¥? for
models previously studied with R-parity conserved, namely Points 1-4.

10.1 Point 1 and Point 2

Point 1 and Point 2 have the same SUGRA parameters except for tan3 which is 2 and
10, respectively. Point 2 has been considered here. The masses of interest for the recon-
struction of ¥ are given in table 13. The total cross-section is 3.3 pb, of which 0.43 pb
are for qrqr and 1.36 pb for §q production. At Point 2 the qz has a 60% branching
ratio to decay as qp — )Zliq. The chargino subsequently decays with 99% probability as
i = WOW=. The leptonic decay of the W+ gives a hard lepton that can be used for
triggering. This gives the same final state as for Point 5. An identical approach for the
X} reconstruction can therefore be used, but with some adjustments of the cut values due
to the heavier sparticles. The resulting m;;; distribution is plotted in figure 33. There
are 280 reconstructed SUSY events for an integrated luminosity of 3 - 10* pb ™!, that give
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| Sparticle | Mass (GeV) || Sparticle | Mass (GeV) |
q 950 g 1008
o 168 X5 322

Table 13: Some sparticle masses for SUGRA Point 2 using ISAJET (version 7.31).
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Figure 33: Distribution of the invariant mass of two 3-jet combinations that pass the
selection described in the text. The SM background amounts to 395 events, which are
not shown here.

a clear peak at the expected X} mass of 168 GeV. There are 395 QCD events that pass
the selection resulting in a signal-to-noise ratio of 0.7. One should therefore improve
the SM background rejection further to establish a convincing signal. Due to statistical
fluctuations in the limited QCD Monte Carlo sample, only the SUSY signal is shown in
figure 33. The events in the plot can be divided into 13% g(— drq)dr, 4% &(— drq)dxr,
30% dgrar, 22% qrdz, production and 31% from other processes. The sensitivity to the
X} mass was checked by changing its mass to 130 and 200 GeV, as shown in figure 34. No
attempt has been made to measure any other sparticles nor tailor the cuts to optimize
the reconstruction for this specific model. It is encouraging that the same technique used
for Point 5 also worked for this model, despite the fact that the cross-section is almost
ten times smaller. The reconstruction efficiency increases rapidly when the mass of the
X! increases so the total number of reconstructed events decreases much slower than the
cross-section. Most likely, with a more detailed study, the signal reconstruction efficiency
and background rejection can be improved.
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Figure 34: Distributions of 3-jet invariant mass reconstructed for Point 2 for three values
of the X} mass, 130 GeV (top), 168 GeV (middle) and 200 GeV (bottom). Only the SUSY

signal is shown.

10.2 Point 3

Point 3 is the model studied that have the smallest sparticle masses. Therefore the cross-
section is very large greater than 1 nb. The light Higgs boson has a mass of only 68 GeV
and thus this model is almost ruled out by the most recent LEP2 limits of 64.5 GeV [37]1,
but it is still worthwhile to consider the consequences for detection of sparticles in case
of R-parity violation. Since the decay X3 — ¥°h°(Z°) is kinematically not allowed, the
three body decay x5 — ¥%¢*¢~ has a branching ratio of 17% per lepton flavour. This
gives rise to many events with 2 and 4 isolated leptons. The 4 lepton signature has a very
small SM background. Furthermore, in the previous study with R-parity conserved the
analysis for Point 3 did not use the cut on missing transverse energy, so it is clear that
this model would easily be detected even if R-parity is violated [4, 8]. The dilepton pairs

BTt is not clear what the implication of R-parity violation is on this limit.
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provide a very accurate measurement of the mass difference between Y5 and ¥} that will
help to constrain at least the SUGRA parameter m;/; [4, 8, 38]. In SUGRA models, the
GUT relations of the gaugino masses give mgo ~ 2 - mgo ~ 0.8 - my /. It was also shown
that partial reconstruction determines the X3 momenta if the ¥? mass was assumed. The
X} has a mass of only 44 GeV and decays to very soft jets. Another strategy than the one
reconstructing two X! from six jets need therefore to be developed. For the kinematics of
a low mass ¥} decay and its reconstruction is limited to Point 4 discussed below.

Most of the measurements except possibly the ones relying on a hard b-jet vetoes,
examined in the study with R-parity conserved will still be possible also if R-parity is
violated. These measurements will also constrain the global SUGRA parameters even in
the case of R-parity violation.

10.3 Point 4

Point 4 also has a relatively light ¥ with a mass of 80 GeV. The phenomenology of Point 4
differs from the other models since it has a large value of mg, which results in squarks
substantially heavier than the gluino. The dominant production is therefore pp — gg, with
a cross-section of 11 pb compared to the total cross-section of 27 pb. A selection of sparticle
masses for Point 4 is given in table 14. The first thing to note is that, as for Point 3, the

| Sparticle | Mass (GeV) | Sparticle | Mass (GeV) |

a 914 g 582
% 150 e 149
b%l 80 h? 113

Table 14: Some sparticle masses for SUGRA Point 4 using ISAJET 7.31.

two body decays x3 — h°x?,Z°%? are kinematically not allowed. Therefore, the next to
lightest neutralino decays as X3 — ¢*¢~x? with a branching fraction of 6% for each lepton
flavour. The invariant mass of OS SF leptons provides a precise measurement of the mass
difference between the Y3 and ¥°. This measurement will significantly constrain the model
(it provides an indication of the X) mass and constrain the fundamental parameter m; /2,
as discussed in section 10.2). The gluino mainly decays as § — X;qq, where x; are both
neutralinos and charginos. Thus events from gg production often yield at least 4 jets in
addition to the 6 jets from the x?. The reconstruction of the x? in this type of events will
therefore suffer from an even larger combinatorial background.

Since the neutralinos and charginos are light compared to the squarks and the gluino,
there is a significant contribution from electroweak sparticle production. The cross-section

for pp — )fo(? is 3.52 pb. Production of ¥ ¥3 yields final states with three leptons through
the decays
0 <0+ p—
X2 — xaltl
o (13)
—J1J
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and

Fo— Y
S (14)
— JJJ

The first decay has a branching ratio of 6% and the second one a branching ratio of 22%.
There is no combinatorial background from gluino or squarks for this final state since all
six jets come from the two {?. For an integrated luminosity of 3 - 10* pb~" 1300 events of
this type are expected. The SM backgrounds are small once three leptons are required.
The ¥? decay was studied at generator level for this type of events and the kinematics are
given in table 15. The jets are well separated, but are very soft. Another strategy than

H hard ‘ soft |
<prxs > 112 GeV | 68 GeV
< pr quark-1> 69 GeV | 49 GeV
< pr quark-2> 32 GeV | 25 GeV
< pr quark-3> 15 GeV | 12 GeV
<min(AR)uerks > 0.63 0.88
<maz(AR)uarks > 1.9 2.3

Table 15: The kinematics of ¥} decays with a ¥} mass of 80 GeV and for electroweak
production of chargino/neutralino pairs at SUGRA Point 4.

reconstructing two ¥° decays from six jets therefore needs to be developed. With the six
jets approach the jet threshold would need to be decreased below 15 GeV to maintain a
reasonable reconstruction efficiency. A more promising possibility is to reconstruct the
mass from a large jet cone containing all decay products. This strategy have been studied
for W reconstruction in all hadronic decays [34, 35, 39]. It will, however, be more difficult
to use such a method in SUSY events where two combinations need to be reconstructed
with a few other hard jets present.

The above comments are generally valid for SUSY models with X9 masses typically
below 80-100 GeV. The direct reconstruction of the ¥ in the 3-jet channel is difficult
in this case and different methods need to be investigated. A clear is although obtained
through lepton final states. The low mass spectrum also ensures large cross-section so
there will be many signals to look for. For most of these models, the ¥ two body decays
to bosons are usually kinematically not allowed and the decay x5 — X)¢7¢~ always has
an appreciable branching ratio. Figure 35 shows the cross-section for the production of
X3 — 0%} in SUSY events with the dashed lines indicating constant values of the x°
mass.

11 Constraints on SUGRA Parameters

The measurement of several sparticles masses have been demonstrated in the previous
sections for a SUSY model defined by the parameters of Point 5 in the case of R-parity
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Figure 35: Plot in the my — m;/»-plane with production cross-section in pb for 0 —
(t¢~xY in SUSY cascade decays (solid lines, with small digits) and values of constant X}
mass (dashed lines, with larg digits) The results are shown in the my — m;/, plane for
tanf =2.0 and p >0.

| Observable | Value (GeV) | Error (stat.) (GeV) | Error (sys.) (GeV) |

edge my, 109 +0.30 +0.11
mgo 122 +3.1 +1.3
mg, 157 +5.1 +1.6
m o 233 +4.1 +2.3
mg, 664 +30 +7
myo (h® — ) 95 +0.3 requires 10° pb ' of data

Table 16: Expected measurements of SUSY particle masses and their uncertainties for
a SUGRA model with baryonic R-parity violation.

violation. The expected results of these measurement are listed in table 16 together with
the estimated errors.

The constraints on the SUGRA parameters from this fit are given in table 17. In the
absence of a measurement of the h® boson mass, it is not possible to constrain tan3. There
is no sensitivity to Ay since many different values of Ay run to the same value at the weak
scale due to a fixed point in the renormalization group evolution. The effect of Ay on the
particle spectrum is small except for the third generation. One should try to determine
the weak scale parameters A;, Ay, and A,. The solution p < 0 was discarded using the
observed b-jet rate. However, if any of the A" that give X} decays to b-jets would be
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Expected constraints
Parameter H No h® — 7+ measurement ‘ With h® — 7+ measurement
mg 10077 10077
my /s 300+ 6 300+ 6
Ay not sensitive not sensitive
tan( 1.6 < tanf < 4.0 2.1+0.1
! >0 >0

Table 17: Expected accuracy for extraction of fundamental SUGRA parameters for
Point 5 with baryonic R-parity violation.

non-zero, this procedure would not work. More mass measurements of the SUSY masses
at high luminosity will further constrain the model. The constraints obtained on the
SUGRA parameters are similar to the ones for Point 5 with R-parity conserved [6].

The violation of R-parity added 45 couplings as free parameters to the SUGRA model,
including 9 related to baryonic violation. If the experiment were to discover SUSY with R-
parity violated, one would, of course, wish to determine which of the couplings contribute
to the observed signal. The 3 couplings, )\g]-k, with real top decays are not kinematically
accessible. No less than 6 of the couplings, )\;']-3 give final states with b-jets which could be
estimated using the observed b-jet rate. should increase significantly. Two other possible
couplings \];, and \,,,, remain where the former gives only light jets and the latter that
was non-zero in this study give ¥ decays with one c-jet. More work is needed to study
whether the role of different couplings can be untangled, but it is clear that the simple
scenario with explicit breaking of R-parity due to only one non-zero coupling and no other
decays than those of the XV affected, may eventually turn out to be quite unrealistic.

12 Conclusions

The studies reported in this note demonstrate that if supersymmetry exists with R-parity
violated, it would be possible to discover it at LHC. There are, in fact, many semi-inclusive
channels that can be used for an initial search. Moreover, if nature has chosen a model
similar to Point 5, ATLAS will be able to measure several SUSY particle masses directly
even for an integrated luminosity of only 3-10* pb~*. One should note, though, that the
calculation of the dominant background from QCD events with high jet multiplicities has
significant theoretical uncertainties.

The jet multiplicity of SUSY events with hadronic ¢ decays is very high and many
jets overlap resulting in a very challenging experimental scenario. However, it has been
demonstrated in this study that the SUSY signal can be well reconstructed using two
different jet finders and that the reconstructed masses and efficiencies do not depend too
strongly on the details of the jet clustering, although the aspect of jet reconstruction has
to be revisited in the case of lower values of the ¥° mass.

It was assumed in this study that one of the jets from the ¥ decay is charmed.
This decreases the purity of events containing b-jets and, together with the increased
jet multiplicity, severely deteriorates the reconstruction of the h® boson in the channel
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h® — bb.

No attempt was made to measure any of the third generation scalar leptons or quarks.
Their masses are sensitive to tanf and Ag. It would therefore be useful to determine
whether and how well they can be measured.

A global fit to the measurements of Point 5 provides constraints on the fundamental
parameters of the SUGRA model to a precision of roughly 5%. Only measurements at
low luminosity have been considered in this study and an extension to high luminosity
should further improve the sparticle measurements and the constraints on the paramaters
of the model.

The reconstruction technique used for Point 5 works also for Point 1 and Point 2. The
particle spectra of Point 3 and Point 4 are much softer, which makes the X! reconstruction
more difficult. The discovery of SUSY in these models is, however, guaranteed from
multiple lepton signatures and fairly large cross-sections.

To summarise, a SUSY model with baryonic R-parity violation giving very different
final state signatures compared to those previously studied has been considered. The
conclusion of this study is that ATLAS will be able to perform precision measurements
in the SUSY sector providing strong constraints on the fundamental model parameters.
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